CLAIMS 

/ 

>1) Autoprotected optical communication ring network, including a first and a secbr 
optical carrier (2, 3) having opposite transmission directions and a plurality/ of 
5 optically reconfigurable nodes (20a-20f) optically connected along the first and the 
second optical carrier (2, 3) and adapted to communicate in pairs by means of 
respective links susceptible of failure, the ring network having a normal/operative 
condition in which the nodes of each pair are optically configured so as/to exchange 
optical signals on a respective working arc path at a respective first vvavelength (Ax) 
10 on the first carrier (2) and at a respective second wavelength (Ay) different from said 
first wavelength (A x ) on the second carrier (3), said respective working path having a 
complementary arc path defining a respective protection arc /path in which the first 
wavelength (A x ) on the first carrier (2) and the second wavelength (Ay) on the second 
carrier (3) can be used for further links and the first wavelength (Ax) on the second 
15 carrier (3) and the second wavelength (Ay) on the first carrier (2) are reserved for 
protection, characterized in that the ring network has/a failure operative condition in 
which the nodes terminating a failured link are/optically reconfigured so as to 
exchange optical signals on the respective protection arc path at the respective 
second wavelength (Ay) on the. first carrier (2)/and at the respective first wavelength 
20 (A x ) on the second carrier (3). 

2) Ring network according to claim 1 , wtferein each of said plurality of reconfigurable 
nodes (20a-20f) is adapted to managed a predetermined subset of wavelengths within 
a set of transmission wavelengthsAi, A 2 , .., A N ) and includes a first and a second 
25 optical add/drop multiplexer (4, 5) serially connected to said first and, respectively, 
second carrier (2, 3) to feed/extract said subset of wavelengths to/from said first and, 
respectively, second carrier (2, 3), and to pass-through the remaining wavelengths of 
the set of transmission wavelengths (A^ A 2 , .., A N ). 

30 3) Ring network according to claim 1 or 2, wherein said plurality of reconfigurable 
nodes (20a-20f) includes at least a signal input (IN,, IN 2 ), at least a signal output 
(OUT,, OUT 2 ) anc/a reconfigurable optical switch unit (15; 15'; 15"; 115'; 115"; 215) 
selectively coupling said at least an signal input (IN 1t IN 2 ) and said at least a signal 
output (OUT 1 /DUT 2 ) to said first and second carriers (2, 3). 



4) Ring network according to claim 3, wherein said at least a signal input (IN,, IN 2 ) \fr 
optically coupled to a respective optical transmitter (TxO and said at least a signal 
output (OUTl OUT 2 ) is optically coupled to a respective optical receiver (Rx,). / 

5 / 

5) Ring network according to claim 3 or 4, wherein each of said plurality of 
reconfigurable nodes (20a-20f) includes information insertion deyices (TxTs) 
selectively optically connectable to said at least a signal input (IN 1f Ihfe) and adapted 
to insert signalling information into the optical signals and infoi?mation extraction 

10 devices (RxTs) selectively optically connectable to said at least a signal output 
(OUT - !, OUT 2 ) and adapted to extract signalling information from the optical signals. 

6) Ring network according to claim 5, wherein said information insertion devices 
(TxTs) and said information extraction devices (RxTsV/mclude optical transponders 

15 optically coupling said optical switch unit (15; 15'; 15/; 115'; 115"; 215) to said first 
and second carrier (2, 3) and adapted to change ther signals wavelengths. 

7) Ring network according to claim 3, wherein at least one of said reconfigurable 
nodes (20a-20f) includes at least a first signal spitter (222-225) adapted to receive a 

20 signal from either the first or the second Carrier (2, 3) and to split said signal into a 
first and a second fraction which are sent towards a respective signal output (OUTY 
OUT 2 ) and towards the same carrier (2, 3), respectively. 

8) Ring network according to claim 3, wherein at least one of said reconfigurable 
25 nodes includes at least a second signal spitter (221, 226) optically coupled to a 

respective signal input (IN^/lN^ and adapted to spit a signal coming from the 
respective signal input (IN^ IN 2 ) into a first and a second fraction which are sent 
towards the first carrier (2) and the second carrier (3), respectively. 

30 9) Ring network according to claims 3, wherein said optical switch unit (215) includes 
at least a first switch (231 , 233, 235, 236) having a first input optically coupled to a 
respective signal input (IN 1t IN 2 ), a second input coupled to either the first or the 
second carrier/fe, 3) and an output coupled the same carrier (2, 3). 

35 10) Ring network according to claim 8, wherein said optical switch unit (215) includes 



II 



at least a second switch (232, 234}jTaMng-a-ftrstinput coupledtb the first carrier (2), 
a second input coypled^hTse^oTid^arrier (3), and an output optically coupled to a 
respective-Signal output (OUT^ OUT 2 ). 



1*r) Opt i ca l tra nsmission system, including a first and a second ring network 
according to claim 3, wherein a first reconfigurable node (D) of the first ring netwc 



has a signal input (IN 1t IN 2 ) which is optimally coi 



pled to a signal outpuHOUT!, 



OUT 2 ) of a second reconfigurable node (p') of the se :ond ring netwi 



10 12) Optical transmission system ^according to 



11, wherein the second 



reconfigurable node (D 1 ) has a signal input (IN^f^) whichis/optically coupled to a 
signal output (OUTl OUT 2 ) of the first recortWrableno^e(D). 




13) Optical transmission systemaccording to claim 11, wherein a third reconfigurable 
15 node (E) of the first nng network has a signal input (IN^ IN 2 ) which is optically 

coupled to a sigpafoutput (0\JT u OUT 2 ) of a fourth reconfigurable node (E') of the 
second rirurhetwork, and the fourth reconfigurable node (E') has a signal input (INl 
IN 2 )^/wnich is optically coupled to a signal output (OUT,, OUT 2 ) of the third 
rfigjLiDabie-ftede-(E): — — 

14) Method to autoprotect an optical ring network, said ring network including a^fjr^t 
and a second optical carrier having opposite transmission directions and a ipkifality of 
nodes optically connected along the first and the second optical carrjerand adapted 
to communicate in pairs in order to define bidirectional Iinks,e3cn pair including a 

25 first and a second link termination node adapted to^mutually communicate at 
respective first and second wavelengths, the methocpncluding: 

- exchanging signals between the first and the second link termination node 
of each pair on a respective workirtg^arc path of said ring network by using 
the respective first wavelength'on the first carrier and the respective second 

30 wavelength on the seconcl carrier; said respective working path having a 

complementary arc^path defining a respective protection arc path in which 
the first wavelength on the first carrier and the second wavelength on the 
second carrief^can be used for further links and the first wavelength on the 
second carrier and the second wavelength on the first carrier are reserved 

35 for protection; 



checking if a failure is present in the ring network producing at least/a^ 



failured link; and 



rn^natir 



optically reconfiguring, in the presence of a failure, the link terminating 

signals on the 



nodes of said at least a failured link so that they exchange 
respective protection arc path by using the respective first/wavelength on 
the second carrier and the respective first wavelength onine second carrier. 



15) Method according to claim 14, wherein each node of said plurality of nodes is 
adapted to manage a predetermined subset of ^wavelengths within a set of 
10 transmission wavelengths carried by the first ancr the second carrier, said step of 
exchanging including optically separating, at/each node of said plurality of nodes, 
each wavelength of the respective sunset of wavelengths from the set of 
transmission wavelengths. 

15 16) Method according to claim;T4, including the steps of inserting a signal into one of 
said nodes, splitting said signal into a first and a second fraction and sending said 
first fraction towards the first carrier and the second power fraction towards the 
second carrier. 

20 17) Method aborting to claim 14, including the steps of receiving a signal in one of 
said nodes'rrom either the first or the second carrier, splitting said signal into a first 
and a second fraction, sending the first fraction towards the same carrier and the 
second fraction towards a signal output of said node. 



25 48)^M_ ethod according to clai m 14, w herein the step of checking includes veri fyk 
each node of said plurality of nodes and for each wavelength of the respective, 
wavelengths, if signals are received. 



of 



19) Method according to claim 14, wherein^aid wep of checking includes verifying, in 
30 each node of said plurality of nodes anjafor eaqfi wavelength of the respective set of 
wavelengths, if signals are received degraded^ 



20) Method according to clairjvt4, wherein said step of checking includes verifying, in 
each node of said plufality of node4 and for each wavelength of the respective set of 
35 wavelength^jf^jgnals-iftetttde a fa il u r e -message^ 



# 



* 
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21) Method according to claim 14, further including transmitting a failure messac 
from a first link termination node of a pair to a second link termination node of/the 
same pair if a signal transmitted from the second link termination node to the first link 
termination node is not received, or is received degraded, by the first link termination 
node. 



10 



22) Method according to claim 14, wherein said step of reconfiguring includes 
switching optical connections which selectively couple at least an optical transmitter 
and an optical receiver to said first and second carrier. 



15 



20 



25 



30 



23) Method according to claim 1 5, wherein the step of exchanging includes feeding 
at each of said plurality of nodes the corresponding subsetyof wavelengths to said 
first and, respectively, second carrier. 

24) Method according to claim 14, wherein the step of/exchanging signals includes 
the following steps executed in the first link terminatioti node of a pair: 

- generating an optical signal carrying an information; 

- converting the optical signal in a electrical signal; 

- adding to the electrical signal further information; 

- reconverting the electrical signal m an optical signal provided with a 
predetermined wavelength adaptecT for transmission; and 

- feeding the optical signal at the /redetermined wavelength to either the first 
or the second carrier; 

and the following steps executed iri the second link termination node of the same 
pair: / 

- receiving the optical signfal at the predetermined wavelength from either the 
first or the second earner; 

- converting the optica/ signal at the predetermined wavelength in an electrical 
signal; 

- extracting from the electrical signal the further information; 

- reconverting the electrical signal in an optical signal with a wavelength 
adapted for reception; and 

- receiving the optical signal with the wavelength adapted for reception. 



35 
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^- R G Confi gtfFabte-node- 
comprising a receiving/transmitting module (6) including: 



lmunicauon ring" networX 



10 



15 



20 



25 



30 



a signal input (INi) for the insertion into the node of a signal incli 
information to be transmitted in the network; 
a signal output (OUTi) for the extraction from the node of a signal /ncluding 
information transmitted in the network; / 
a first transmitting transponder (TxT^)) for optically coupling to4 first carrier 
(2) of the network and adapted to modulate a signal at a first wavelength (A*); 
a second transmitting transponder (TxT^Xy)) for optically coupling to the first 
carrier (2) and adapted to modulate a signal at a second wavelength (Xy); 
a third transmitting transponder (TxT 2 (X x )) for optically/ coupling to a second 
carrier (3) of the network and adapted to mcSdulaie a signal at the first 
wavelength (A*); 

a first receiving transponder (Rx"fo(A*)) for optimally coupling to the second 
carrier (3) and adapted to demodulate a sigjrtal rpving the first wavelength 

(U 



tically coupling to the first 
ing the second wavelength 



a second receiving transponder (RxT 2 (> 
carrier (2) and adapted to demodulate, 
(^); 

a third receiving transponder (foxT^)) for/opticallyN^uplir^o^the second 
carrier (3) and adapted to demodulate a sjgnal having the second wavelength 

reconfigurable optical connections (22-25; 31-38; 41-48; 131-136; 141-146; 
231 -236) to selectively connect: 
• the signal ipput (INO either to the first transmitting transponder 
(TxT^x^-or to the third transmitting transponder (TxT 2 (^x)); 
the first receiving transponder (RxT 2 (A. x )) to the third transmitting 

^ponder (TxT 2 (X*)); 
tKe second receiving transponder (RxT 2 (Xy)) to the signal output 
(OUT,); and 

the third receiving transponder (RxT^)) either to the signal output 
(OUT0 or to the second transmitting transponder (TxT^A^)). 



26) Reconfigurabj e_j3Qjcle-a£Cj)r^i^^ 
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m*Kitrie-(6)-fa fthor i n etodes^ 
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- a further signal input (IN 2 ) for the insertiorTinto~ l l ie nude uf a signal i nc l ud me 
information to be transmitted in the network; 

- a further signal output (OUT 2 ) for the extraction from the node of a 
including information transmitted in the network; 

- a fourth transmitting transponder (TxT 2 (A 7 )) optically coupled to the second 
carrier (3) and adapted to modulate a signal at the second wavelength (Xy); 
and 

- a fourth receiving transponder (RxTi(Xx)) optically couplaef to the first carrier 
(2) and adapted to demodulate a signal having the firstwavelength (A*); 

said reconfigurable optical connections (22-25; 31-38;/l-48; 131-136; 141-146; 
231-236) selectively connecting: 

• the first receiving transpond^^T}(X x tfeither to the third transmitting 

transponder (TxT 2 (X x ))/6r td the further signal output (OUT 2 ); 

/ \ J/ 1 

• the fourth receiving t/ansponder/fJ^xT^Xx)) to the further signal output 
(OUT 2 ); and 



the further signal 
transponder (TxT^)) 
(TxT 2 (Xy)). 



input (HW Either to the second transmitting 
tAthe fourth transmitting transponder 



27) Reconfigurable node according to claim 25 or 26, characterized in that it is 
adapted to manage a predetermined set of wavelengths within a set of transmission 
wavelengths (A.,, X 2 , .., X N ) and in that it includes a first and a second optical add/drop 
multiplexer (4, 5) optically/coupling the receiving/transmitting module (6) to said first 
and, respectively, second carrier (2, 3) to feed/extract said subset of wavelengths 
to/from said first and; respectively, second carrier (2, 3), and to pass-through the 
remaining wavelengths of the set of transmission wavelengths (X 1t X, 2 , .., X N ). 



28) Reconfigwable node according to claim 25 or 26, further including at least a first 
30 optical power splitter (221) for splitting signals coming from said at least a signal 
input (irfi) and at least a second optical power splitter (222-225) for splitting signals 
coming from a respective one of said receiving transponders (RxTs). 



?9)_Reconfigurahle node accott tin§--tonaaTnr-^^ 



10 



<optic a J- eonnect i ons (22 - 25) - 

30) Reconfigurable node according to claim fi> or 26, wherein the reconfigurable 
optical connections (31-38; 41-48; 131-136;/141-146; 231-236) include 1x2 and/or 
2x1 switches. 

31) Reconfigurable node according to claim 25 or 26, wherein the reconfigurable 
optical connections (22-25; 31-38; 4/1-48; 131-136; 141-146; 231-236) include 
discrete switching components. 

32) Reconfigurable node according to claim 25 or 26, wherein the reconfigurable 
optical connections (22-25; 31-38/ 41-48; 131-136; 141-146; 231-236) include an 
integrated switching matrix^ 
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33) Reconfigurable nqde according to 



optical connections (22-25; 31/38; 41-48; 
switching components selectable in the grbijip/ including 

- opto-mechanical switches; 

- thermo-optical switches; 

- magneto-opticalYwitches; 

- liquid crystal switches; 

- semiconductor switches; 

- electro-optical switches; 

- micro-mechanical switches; and 

- lithium niobate integrated circuit switches. 



aim 25 or 26, wherein the reconfigurable 
13/TVI36; 141-146; 231-236) include optical 



30 



34) Reconfigurable node according to claim 25 or 26, characterized in that it includes 
a control processing unit (16) operatively connected to said receiving transponders 
(RxTs) and/said transmitting transponders (TxTs). 

35) Reconfigurable node according to claim 25 or 26, characterized in that it includes 
at least a further receiving/transmitting module which has substantially the same 
structure of said receiving/transmitting module (6) and is adapted to operate with a 
difjereTirplflrBf-vv^ re s p e#4Q-satt U o oo i v i ng/tran croittinfljT^^ 
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